A trans-coordinate physics is introduced in a previous paper. It is found that the trans-coordinate state of a system cannot be defined along a plane in Minkowski space, so a new non-planar definition of state is proposed in which the notion of simultaneity does not exist. In relativity theory simultaneity is relative. In trans-coordinate physics it is meaningless. The new state definition is illustrated in the case of a spin measurement of two spin correlated particles, where a superluminal collapse of the state is assumed to be of the Hellwig-Kraus variety. The historic revisions and causal loops that are commonly associated with this kind of collapse are completely avoided in this treatment. This state definition and collapse mechanism leads to an absolute 'causal' priority among collapse events, and results in a unique Minkowski architecture.
Introduction
In a previous paper it was shown that a particle's quantum mechanics wave function and its derivatives can be defined independent of coordinate systems [1] . Space and time differential variables ds and dt are internally specified for each particle. These allow the dynamic principle to be defined and applied within each particle's wave packet, thereby providing for the quantum mechanical evolution of the packet. Internal variables of this kind are not coordinates for they lack a distant origin, and they do not carry numerical values that systematically and uniquely identify events. We assume that nature does not use event identification schemes that are anchored in origin events, so a transcoordinate physics avoids giving variables these characteristics. This strategy excludes the possibility of defining space-time variables outside of a particle's wave function -in the empty space between particles. It follows that energy and momentum conservation between separated particles cannot be fundamentally defined.
Conservation over an interparticle region is possible only when coordinates covering that region are artificially supplied by ourselves -in order to facilitate our ability to analyze over large regions. Nature does not need coordinates because it does not analyze. It just performs, following the localized instructions provided for by the trans-coordinate physics described in Ref. 1. In standard coordinate physics the 'state of a system' at a time t is defined over a space-like plane perpendicular to the t-axis. However, this definition will no longer hold because there is no 'common' time for the included particles. In Ref. 1 a more general definition of state is proposed that has greater flexibility.
Most of trans-coordinate quantum mechanics is locally defined, but the collapse of a wave function has a wider consequence. In order to preserve invariance, this influence is transmitted through Minkowski space over the surface of the backward time cone of the initiating event (such as a measurement event) in the manner described by Hellwig and Kraus [2] . The original H-K collapse leads to causal loops and historic revision [3] , but this objection is not valid if a modified Hellwig-Kraus collapse is adopted that makes use of the trans-coordinate state. When that is done, the influence of a collapse is still transmitted through Minkowski space over the surface of the backward time cone of the initiating event, but the notion of 'simultaneity' is not defined for either the collapsed state or the surviving state. This allows other factors related to the collapse mechanism to determine an absolute causal priority that replaces the ambiguities that are generally associated with a Hellwig-Kraus collapse.
Definition of State
In trans-coordinate physics an event in Minkowski space is not identified with coordinates in the manner of Descartes, but by non-systematic letters in the manner of Euclid. The state of three particles are therefore given by an equation of the form
where a, b, and c are three events in Minkowski space that are confined to their respective wave functions, and are required to have a space-like relationship to each other. There is no common time implicit in Eq. 1, for this state is not defined over a single Minkowski surface to which a common time can be assigned.
The dynamic principle applied to each particle gives rise to a successor state Ψ ′ that evolves continuously from Eq. 1.
Events a ′ , b ′ and c ′ in the newly evolved state also have space-like relationships to each other; and in addition, they are required to be in the forward time cones of a, b and c respectively as in Ref. 1 . Figure 1 shows a succession of four states that are associated with spin measurements of two correlated particles p 1 and p 2 . It begins with the zero spin state
Correlated Particles
that is defined together with two spin measuring devices d 1 and d 2 that make up the initial state of the system. The equations governing the evolution of the system in Fig. 1 are given in Eqs. 2 to 7, where the initial state Ψ pictured in Fig. 1a is given in Eq. 2. These diagrams lack trans-coordinate significance because they are specific to the displayed Lorentz frame. However, Eqs. 2 to 7 are completely trans-coordinate. These equations establish a causal order that is independent of coordinate representation as we will see.
(c) Eq. 4 The evolution in Eq. 3 is governed by the dynamic principle of each particle using the Hamiltonian described in a subsequent paper called "Trans-Coordinate Hamiltonian". Probability current (defined in that paper) is assumed to flow from the first component in Eq. 3 to each of the four components whose first eigenstate is underlined. The underline means that that component is a candidate for stochastic choice. Underlined components are not empirically real and will not be empirically real until one of them is stochastically chosen to survive a collapse of the wave. A collapse is assumed to be instantaneous because there is no 'in-between' these real and unreal components. The resulting collapse in Eq. 4 follows from the rules of collapse given in a previous paper [4] .
This is followed by the successor state
(4) that is followed by the successor state
and finally
where Eqs. 5 and 7 are not diagramed. Following the initial state Ψ in Eq. 2 the dynamic principle will advance each of the four objects (two particles and two detectors) in their own separate times until the particle's interact with their respective detectors. The dynamic principle will then generate the four underlined components in Eq. 3 that are shown in Fig. 1b to be more-or-less at the same time. The eigenstate D 1 (a ′ ↑ m ′ ) in the second component of the first row of Eq. 3 represents a spin-up interaction of the first particle with the first detector, where the second particle
in that component is still non-interacting. The eigenstate D 2 (b ′ ↓ n ′ ) in the second row represents a spin-down interaction of the second particle with the second detector, where the first particle is still non-interacting. The third and fourth components in Eq. 3 are the same but with opposite results -the first particle interacts spin-down and the second particle interacts spin-up. The dynamic principle also generates a second order term with negligible probability in which both particles interact with their detectors in one underlined component, but this possibility is not included in Eq. 3. The eigenstates D 2 (b ′ ↓ n ′ ) and
are not underlined in Eq. 3 because the first state in each component is underlined -thereby speaking for the entire component.
The order of the two collapse events A and B is "absolute" in this transcoordinate description so there is no causal ambiguity -no causal loops. This order appears differently in different Lorentz frames, but that has only to do with our way of organizing the global picture. From a trans-coordinate point of view, either A occurs (causally) before B, or B occurs before A. They might occur absolutely together, but that possibility is not being considered. We are assuming here that event A occurs first, which means that the first underlined eigenstate in Eq. 3 is the one that is stochastically chosen. When that happens the other three underlined eigenstates are reduced to zero and the chosen component becomes realized (i.e., empirically real) as Ψ ′′ in Eq. 4. This choice absolutely eliminates the other possibilities in a modified Hellwig-Kraus collapse of the wave. The collapse selectively appears in Fig. 1c everywhere forward of the backward time cone of event A. The darkened world line above event A in that figure refers to the detector that now includes the 1 st particle.
Since events A and B are not simultaneous, there will be a time interval between them in which the state of the system is represented by Ψ ′′′ in Eq. 5 that is not diagramed. During this time the dynamic principle generates a component
that represents the subsequent interaction between the second particle and the second detector. When this component is stochastically chosen, we get the second reduction at event B given by Eq. 6 and shown in Fig. 1d . Finally, the system emerges in Eq. 7 when both D-detectors proceed independently along their separate world lines.
There appears to be a historical revision in Fig. 1c because the second particle is spin down everywhere after event y, even though its spin is said to be uncertain at comparable times in Fig. 1b . The apparent revision exists only because the 'coordinates' of Fig. 1 create a temporal distinction that does not exist between these trans-coordinate states.
The question is: Is the spin of the second particle uncertain immediately before it interacts with d 2 , or is it spin-down at that time? The interaction D 2 (b ↓ n) first appears in Eq. 3 in a component that is underlined so is not empirically real, and it is not stochastically chosen so does not become empirically real. Its second appearance is in the underlined component in Eq. 5. This time it is stochastically chosen to become an empirically real component in Eq. 6; and immediately before that, the empirically real component in Eq. 5 (and Eq. 4)
shows the second particle to be spin-down. So the answer to the question is that the second particle is spin-down immediately before its interaction with the detector, as given in Eqs. 4 
The Causal Order
Event A occurs 'absolutely' before event B because the first ready eigenstate was chosen in Eq. 3 -excluding other choices. Once that is done, there is no going back to the other choices. Event B cannot have an influence on events leading to event A because the equations describing that influence have already been collapsed prior to event B. This is indicated in Fig. 1d where the backward light path emanating to the left of event B does not penetrate the backward time cone of event A. On the other hand, event A can have an influence on event B because it collapses the wave that advances on event B. This asymmetry is implicit in the stochastic choice made in Eq. 4 from among the four possibilities in Eq. 3, and has nothing to do with the Lorentz frame that is used to picture the events. The temporal order pictured in Fig. 1 happens to be the same as the causal order, but that will not generally be the case in other Lorentz frames.
The influence of a Hellwig-Kraus collapse may seem to extend infinitely far into space and time but that is not true. The limited influence of event B in Fig. 1d is characteristic of what generally happens. Every state reduction follows many other state reductions that will limit its influence. This is shown in Fig. 2 where a number of state reductions are arranged according to their causal priority. They appear as a mountainous landscape where the mountain peak in the foreground is causally prior to a peak in the background. This means that the ones in the back are causally limited in their influence by the a b Figure 2 : Mountainous architecture of Minkowski space ones in the front. In a 2 + 1 space, the landscape will appear as a superposition of mountaintops on a plateau of prior mountaintops 1 .
Every event in the universe is located in one or another of these mountainous peaks -like event a in the background peak on the left in Fig. 2, or event b in the middle-right peak. A modified Hellwig-Kraus collapse not only provides a non-local causal influence in a trans-coordinate physics, it also organizes all events into an absolute causal framework without making use of a notion of absolute simultaneity. Figure 2 is the view from one Lorentz frame in which the foreground mountain peak is higher than the background peak immediately to its right. In another Lorentz frame the background frame might be higher than the foreground peak. However, the causal order will be the same in both.
Conservation of Square Modulus
An unstated assumption in Eqs. 2-7 is that square modulus of these wave functions is conserved in time. Probability current flows from the first component in Eq. 3 to each of the underlined components, where probability current is identified with changes in square modulus. It is important that this quantity is conserved under the action of the dynamic principle; however, it is not clear what that means when the time-rate-of-change of square modulus is not globally defined. We will deal with this issue in a subsequent paper. Also in that paper we will show how the Hamiltonian formalism can be modified to accommodate trans-coordinate equations.
